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Description 

TTiis invention relates to devices for use in chemical 
(especially biochemicai or ciinical) test procedures. 

The devices are. In certain embodiments, intended 
for use In specific binding assay procedures, among 
which an inrtportant group Is constituted by 
Immmnoassay procedures. Examples of such immuno 
assays, especially enzyme-linked immunoassays, are 
cited in Specifications Nos. EP 0 042 755. GB 2 074 
727, GB 2 086 041 , and GB 1 548 741 . 

Previously, immunoassay procedures have often 
been carried out using so-called microtitre wells, con- 
ventionally of about 0.5ml working capacity, amongst a 
variety of other liquid containers for the assay reaction 
liquids. Other devices and arrangements for handling 
immunoassay materials are described in Specifications 
Nos. EP 0 31 993. GB 1 571 872, GB 1 584 129 and GB 
1 414 479, for example. 

In particular, the prior art contains numerous disclo- 
sures of analytical devices for handling and metering 
small volumes of test samples. 

GB 2 090 659 (Instrumentation Laboratory, Inc.) 
describes test strips constructed with a self-filling 
metering channel and a lip or inlet on which a sample of 
more than about 10 microlitres of for example whole 
blood can be placed, so that (for example) 10 microlitres 
is taken up by capillary action to react with a reagent 
can-ied on a fibrous pad above a filter layer beneath a 
transparent window. The result can be viewed by the 
unaided eye. e.g. as a colour reaction. 

GB 2 036 075 (H E Mennler). GB 1 104 774 (J P 
Gallagher). EP 0 057 110, 0 034 049. 0 010 456 
(Kodak), all desaibe some other aspect of the uses of 
capillary channel or chan^r dimensions for handling 
biological or test fluids. 

GB 1 530 997 (Monsanto) descrfoes the use of 
coated optical fibres which can be used in tests that 
change the light transmitting capabilities of the 
waveguides via reactions of the coatings, e.g. antigen- 
antibody reactions. WO 81/00912 (Buckles) also 
describes fibre-optic devices in which the fibre surfece 
or surroundings modify the light transnnission through 
the core. 

USP 3 939 350 describes optical measurement of 
fluorescent material bound to the surface of a solid 
transparent prism by a method involving a single total 
internal reflection and interaction of the evanescent 
wave at the surface of the prism with the bound mate- 
rial. 

EP-A-0075353 (Battelle) makes specific reference 
to the exponentially-decaying (evanescent) external 
radiation due to light which is propagated longitudinally 
in a fibre, and its interaction with coatings, and this prin- 
ciple is also taken up in the immunoassay test devices 
of EP-A-01 03426 (Block) in which light of fluorescence 
excitation as well as emission wavelengths is propa- 
gated within an antigen- or antibody-coated optical fibre 
or plate contacting a capillary-dimensional sanfiple liq- 



ukj volume bounded by a tube or another plate and con- 
taining a fluorescent-tagged binding partner of the 
material coated on the fibre or plate: 

According to the invention to be desaibed here, 

s capillary fill cell devices, which can be conveniently 
manufactured, are provided to facilitate in particular 
specific binding assays using very small liquid samples. 

According to the invention we provide a specifically- 
reactive sample-collecting and testing device for use in 

10 assaying an analyte by means of a sandwich assay, 
said device possessing a cavity or cavities each having 
a dimension small enough to enable sample liquid to be 
drawn into the cavity by capillary action, wherein one 
surface of the or each cavity carries an immobilised rea- 
rs gent having specific affinity for said analyte and tiie 
same or another surface of the or each cavity can-ies. in 
dry releasable form, a further reagent having specific 
affinity for said analyte, the surface which carries the 
imnfX)bilised reagent being a surface of a transparent 

20 solid plate which in use acts as a light-transmissive 
waveguide and which forms a wall of the or each cavity, 
said plate having an edge which is substantially opti- 
cally smooth and transverse, i.e. at some transverse 
angle but most preferably perpendicular, to the plane of 

25 the plate, the Immobilised reagent and the further rea- 
gent being such tiiat tiie result of any specific interaction 
with the analyte is optically measurable. 

The devices enable convenient sample collection 
and candying out optical analysis in situ of the products 

30 of reaction of tiie sample with reagent(s) contained in 
the devices. The waveguide plate can be transparent to 
Infrared, visible, and/or ultraviolet light, and one method 
of using the devices is to arrange for a fluorescent mate- 
rial to become bound to the immubilised reagent to a 

35 variable extent depending on the assay and the sample 
material of interest, and then to carry out optical meas- 
urement of tiie resulting bound fluorescent material, for 
example as described in EP-A-1 70376. 

The immobilised reagent in the device can for 

40 example be an immobilised antigen or antibody which is 
capable of binding a fluorescent or luminescent or col- 
oured corrponent of an assay mixture. But it is under- 
stood tiiat any immobilised material can be used that 
specifically interacts with another component of a test 

45 reaction material in a way that gives optically measura- 
ble results, depending only on the kind of test in ques- 
tion. 

The surfece of the cavity opposite to the reagent- 
bearing wavegukle suriace can. as in examples illus- 
50 trated below, be formed of a second similar transparent 
plate. However, tiiis is not necessary, and for some 
forms of test it may be suitable to use a light-absorbing 
or opaque or reflective opposite wall to the capillary cav- 
ity. 

55 In some useful examples of the devices of this 
invention, a selective barrier such as a filter or dialysis 
membrane can be fitted to ensure that the takeup of 
sample liquid into the capillary-dimension cavity is 
selective to exclude unwanted material. Such unwanted 
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material will depend on the nature of the test but may 
include cells such as blood cells, cell debris or dis- 
persed high-molecular-weight material A suitable filter 
can be for example a paper filter located at the sample 
entrance to the capillary cavity or a strip or area of filter $ 
or dialysis membrane material fixed at or in the capillary 
cavity 

It is also within the scope of the invention that the 
area covered by an immobilised reagent within the cap- 
illary cavity, e.g. an immobilised antigen or antibody, can 
be significantly less than the whole area of the capillary 
cavity, and arranged so that all of the sample liquid must 
pass over the immobilised reagent as liquid is drawn 
into the cavity. In this way a sample-concentration effect 
can be achieved, with a resulting surface concentration 
of relevant analyte material (e.g. complementary anti- 
body or antigen) higher than would result from uniform 
adsorption over the whole capillary cell area. Such an 
immobilised coating over a restricted threshold area of 
the capillary cell surface can forni in effect a selective 
banrier to allow passage of sample liquid beyond the 
barier with selective retention of an analyte material of 
interest 

In the use of devices according to the invention, a 
drop of sample liquid can be placed on a collection sur- 
face of the test device, or else the device can be dipped 
into a quantity of liquid to be sampled. The further rea- 
gent having specific affinity for the sample analyte 
(which reagent will for convenience be referred to here- 
after as an ancillary reagent) is canried on a part of the 
device to be contacted in use by sample liquid. e.g. on a 
surface of the capillary cavity or a surfece of a filter if 
present. More than one ancillary reagent may of course 
be present, if desired. 

Further variants and particular features of the test 
devices are desaibed for example below. 

The devices of the present invention may, for exam- 
ple, be manufactured according to the method 
desCTibed in EP-A-171148. 

The ancillary reagent(s) are in the form of a dry, releas- 
able reagent coating, e.g. a coating of releasable anti- 
gen or antibody, or derivative thereof, for example held 
in a solid humectant, e.g. sucrose glaze, with specificity 
appropriate to a desired assay. The immobilised specific 
binding material may be for example a covalently bound 
antigen or antibody or derivative thereof, also possibly 
coated with a humectant, to form an imnumosoibent, 
with specificity appropriate to a desired assay. 

In certain examples of devices according to the 
invention, the cavity of the device can be a thin planar 
cavity between two opposite walls forming a cell, and 
preferably cemented or made into an integral unit. In 
some cases, for example, the device can include a 
bonded structure of transparent plates simitar to the 
structure of an unfilled liquid crystal display device as 
obtained as an intermediate stage in manufacture of liq- 
uid crystal displays. 

Thus devices according to the invention include 
those possessing a (for example disposable) translu- 



cent or transparent capillary cell, which can be made by 
the methods described herein, for carrying out specific 
binding assays, comprising a pair of opposite transpar- 
ent plates spaced less than about 1mm apart, and 
sealed together to form an apertured liquid-retentive 
cell able to take up and retain by capillary action a (pref- 
erably defined) volume of (usually aqueous) liquid, and 
carrying on at least one of its internal surfaces a coating 
of immobilised specific binding agent with a specificity 
appropriate to the assay to be carried out. ''Def ined vol- 
ume" means a volume that is determined substantially 
by the shape and configuration of the cell itself and not 
appreciably by the volume of sample if applied in 
excess. 

it is important to have an accurately defined (paral- 
lel) cavity of capillary gap dimensions in the devices of 
this invention, but not so important that the total volume 
taken up by the capillary gap should be defined: the 
in^rtant parameter is rather the volume dosing per 
unit area of the optical reagent bearing surface of the 
waveguide, and this is achieved by an accurately 
defined parallel spacing of the opposite walls of the cav- 
ity in the device. The spacing is preferably within the 
broad range about 0.01 to 1mm, e.g. of the order of 
0.1mm, e.g. 0.03-0.3 mm, as a compromise between, 
on the one hand, too wide spacings leading to exces- 
sive diffusion time of materials in the sample across the 
gap to the reagent-bearing surface and, on the other 
hand, too narrow spacings which may collect too little 
sample. 

Materials suitable to form the cavity are for example 
glass, eg. sheet soda glass about 1 mm thick, silicas and 
plastics sheet material, eg. acrylic plastics material. 

Where plastics materials are used to form the cap- 
illary cells, they can for example be used In the form of 
precision moukJings. e.g. provkied with spacers such as 
rklges to achieve controlled spacing of the component 
walls of the capillary cell cavities. 

In some cases the cell has an outer surface portion 
or lip to which a quantity of sample sufficient to fill the 
cell can be applied and from which it can easily be made 
to run into the capillary cell by capillary action. Such a 
lip can easily be formed by an extension of one of the 
plates, outwardly beyond the cell aperture, for a dis- 
tance sufficient to give a surface area large enough for 
convenient sample loading. It can also if desired be 
given a liquid-conductive shape, such as a groove or 
channel leading towards the capillary cell inlet. An alter- 
native form of inlet is one formed k>y an aperture in one 
wall of the capillary cell, e.g. a hole that exposes an 
area of opposite wall of the cell on to which a sample 
can be loaded. Selective baniers such as those 
described elsewhere herein, such as filters and dialysis 
membranes, can also be located in or adjacent to such 
inlet apertures, and may be pre-dosed with dry releasa- 
ble reagents. It is especially convenient to incorporate 
these features in the plastics capillary cells, and in such 
cases precision-moulded apertures supplied in a 
moukled plastics sheet can provKle the perpendicular 
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optically flat ends of the capillary cells when the result- 
ing assembly of plural capillary cells Is separated into 
individual cell units during a preferred method of manu- 
facture. 

Preferably the sealing of the cell can be achieved by s 
using a line of epoxy resin, leaving an aperture, e.g. 
extending the resin along two opposite sides of a rec- 
tangular capillary cell, to give a filling aperture and a fur- 
ther aperture left to allow the exit of air from the capillary 
cell as it fills up. Suitably the resin can comprise solid io 
particles to ensure a desired spacing for the plates as 
they bed down on the resin. Particles such as substan- 
tially monodisperse ballotini (fine glass particles) of 
diameter about 100^m or othenvise corresponding to 
the chosen capillary gap, or short glass fibre lengths of is 
for example S^im diameter and 50-100^ long (e.g. 
made by mortar-grinding of long glass fibre and exclu- 
sion of long residual fibres by sieving), are suitable to 
regulate small spadngs of the order of the diameter of 
the ballotini or the fibres. Generally, spacings in the 20 
range 5 to SOO^m can be chosen, by way of non-limita- 
tive example. Fibres are preferred for very narrow gaps, 
as they are more easily obtainable in diameters less 
than about 50^ than are monodisperse ballotini: ballo- 
tini are preferred for the wider gaps. 25 

The specific binding agent to be immobilised on 
one surface of the cavity can be chosen anfx)ng any of 
those normally used for purposes of specific binding 
assay, especially antigens and antibodies. Suitable 
examples are antiglobulin antibody, or antibody specific so 
to human apolipoprotein or B, or anti-steroid anti- 
body eg. specific for oestrone-3-glucuronide or preg- 
nanediol glucuronide, or non-immunological binding 
agents such as concanavalin A, or cibacrom blue. They 
can be immobilised to the glass or silica or plastics sur- 35 
face in any of the ways othenvise practised for such 
immobilisation. For example, it can be useful simply to 
coat and dry the binding agent and sucrose on to the 
can-ier surface, either simultaneously or successively 
Covalent and other immobilisation can be achieved 40 
where desired in any of the ways mentioned in EP spec- 
ification 0 014 530 (Unilever), and references cited 
therein, especially in the case of plastics materials, and 
in any of the ways mentioned in "Immobilised Enzymes 
for Industrial Reactors" (ed. Messing, Academic Press, 45 
1975; especially Filbert, chap 3), or in for example USP 
3 652 761 or GB 1 530 997, for a wide variety of carrier 
materials including siliceous materials such as glass 
and silica. 

The format of immunoassays, especially e.g. fluor- so 
oimmunoassays, which can be carried out in these cap- 
illary cell devices corresponds to the known formats of 
other immunoassays of the prior art. For example, a 
sandwich test or antiglobulin test can be carried out in 
which an immunosorbent and a fluorescent ligand (e.g. ss 
both antibodies, or in the antiglot)ulin test respectively 
an antigen and antiglobulin) both have specific affinity 
for the analyte (the antigen or antibody) under test. 



The analyte can be contacted with the immunoad- 
sorbent in the absence of the fluorescent ligand and this 
reaction can be followed by contact between the treated 
immunoadsorbent and the fluorescent ligand released 
in slow or delayed manner from a releasable coating. 

Similarly, luminescent assays may be carried out 
using labels which participate in chemiluminescent or 
bioluminescent reactions, e.g. luciferase or horseradish 
peroxidase. 

Embodiments of the invention are illustrated for 
example by the accompanying Figures 1-7 and associ- 
ated description. 

Rgure 1 shows a diagrammatic section through a 
disposable capillary cell device according to one 
embodiment of the invention. 

Rgure 2 shows a diagrammatic plan of the cell 
device of Figure 1. and includes a line l-l to show the 
line of section of figure 1 . 

Figure 3 shows in schematic perspective view a 
specifically-reactive capillary cell device according to an 
embodiment of invention. 

Rgures 4 and 5 show a schematic plan and section 
of the device of Figure 3. 

Rgures 6 and 7 show a con'esponding schematic 
plan and fragmentary section of an alternative device, a 
modification of the device of Figures 3-5. 

Figures 1 -2 show a capillary ceil device of a size to 
be handled easily, e.g. about 3cm x 1.5 cm. The device 
comprises upper transparent (e.g. plastics, glass, or sil- 
ica) plate 1 and lower transparent (e.g. similar) plate 2 
(about 1mm thick) fixed together in parallel opposed 
and spaced relation, less than 1mm apart, by bonding 
tracks 3 of suitable (e.g. epoxy) adhesive to form a cap- 
illary cell cavity 4. open at both ends, which communi- 
cates with tiie outside through a first discontinuity in the 
bonding 3 arranged to form a cell aperture at side 5 of 
plate 1 . Anotiier discontinuity is present at the otiier end 
of bonding 3, to leave another aperture, to allow exit of 
air when a sample liquid Is loaded into the cell. Plate 2 
Is larger than plate 1 and has a portion 6 extending 
away from the aperture. Portion 6 of plate 2 acts as a 
platform or threshold or lip onto which a drop of sample 
liquid can be applied, so that this liquid can be made to 
fill the capillary cell cavity 4 by capillary flow. Cavity 4 
attracts and contains a definite and adequately repro- 
ducible volume of liquid when loaded In tiiis way 

lmnfX)bilised to the inner surface of the capillary cell 
is a layer 7 of material relevant to the test procedure in 
which the capillary cell is to be used. In tiie example 
shown in the drawings the layer 7 is a patch of material 
carried on plate 2. For the purpose of immunoassay It 
can be for example an area of immobilised Immuno- 
sorbent sensitisation, e.g. Immobilised antibody, rele- 
vant to an immunoassay There can be more than one 
such layer. e.g. a layer on plate 1 as well as plate 2. or a 
superimposition and/or side-by-side plurality of layers 
on either plate. For similar or other purposes, the layer 7 
or other layer(s) lining the internal surface(s) of the cap- 
illary cell can include an electrically conductive layer or 
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layers, as described in EP-A-1 70375 and in such a case 
conductive external connections can be provided by 
means of conductive tracks or connectors from the inte- 
rior of the eel! to the exterior of the celt, if desired, pass- 
ing between bonding layer 3 and the surface of the 
plates. These can for example be made in a manner 
known per se and used in the conventional surface fat>- 
rication of conductive tracks as often employed in the 
manufacture of semiconductors and liquid crystal dis- 
plays, e.g. as referenced below. 

On the same or another inner surface of the capil- 
lary cell as layer 7 is carried a layer 10 of andllary rea- 
gent. In the example shown in the drawings the layer 1 0 
is a patch of material opposite layer 7 and carried on 
plate 1. 

When the cell is intended for making optical meas- 
urements, either plate 1 or plate 2 or both should be 
transparent or translucent. 

The section shown as Figure 1 presents plates 1 
and 2 spaced apart because the line of section does not 
extend through the bonding tracks 3. 

The fabrication of a plurality of cells such as that of 
Figures 1-2 is described in detail in EP-A-1 71 148 (see. 
In particular, Figures 3 and 3a and associated descrqs- 
tion). 

The capillary cell device of Figures 1-2 can if 
desired be provided with any convenient form of han- 
dling-piece or hokler and for this purpose may be pro- 
vided with any convenient form of fixed or releasable 
connexion arrangement to engage with such a hokler 
where this is not formed in one piece with the cell 
device. 

For convenience of optical measurement, the edge 
or edges of plate 1 and/or 2 which is/are optically 
smooth is/are perpendicular to the plane of the plate. 
The remaining edges may if desired be coated with 
black paint or other light absorbing material. Alterna- 
tively or additionally, absorbing pigment such as cartx>n 
black may be incorporated in the cement such as epoxy 
that is used to bond the two plates together. 

In use, the device of Figures 1 and 2 can transmit 
fluorescence from an adsorbed fluorescent material 
along either or both of the plates 1 and 2 in the manner 
of a waveguide or optical fibre. Transfer of useful light 
across the boundary of the plate can occur by the eva- 
nescent wave located very close to the interface. If 
desired, a thin layer of for example silica or magnesium 
fluoride, of the order of a quarter-wavelength thick at the 
wavelength of interest, may be fabricated on to the plate 
before deposition of the biochemical reagent, in order to 
improve light transfer across the boundary. The thick- 
ness and refractive index of the dielectric layer are pref- 
erably together chosen to maximise the intensity of the 
evanescent wave associated with light transmitted in the 
plate in a path that corresponds to total Internal reflec- 
tion near (and slightly above) the critical angle for the 
boundary between the plate material and the sample 
liquid, e.g. usually in the range about 1''-5'' above the 
critical angle. The optimum refractive index of the die- 



lectric layer is as close as possible to that of the sample 

liquid: practically it is most usual to choose a dielectric 
of magnesium fluoride (n = 1.38) or silica (n = 1.46) 
when glass is used. The optimum thickness for the layer 
5 is expressed in terms of the angle of incidence P of the 
light in the plate at the plate-dielectric interface, and the 
refractive indices of the media, n^ of the sample liquid. 
r\2 of the plate, of the dielectric. L is the wavelength of 
the light in use> 

10 
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In further derived alternative examples, continuous 
or discontinuous thin metal layers ag. of silver or 

20 indium, preferably overlain by a vacuum-deposited very 
thin corrosion-resisting layer such as silica, may also be 
deposited on either or both plates to enable the device 
to be used in corresponding other methods of optical 
analysis known in themselves, which exploit such lay- 

25 ers. e.g. the Q§r se known phenomenon of surfece plas- 
mon resonance, as described in B.Uedberg et gi. 
Sensors and Actuators, 4 (1983) 299-304. In any of 
these cases the immobilised layers of biochemical rea- 
gents are supplemented by releasable ancillary reagent 

30 coatings. e.g. formed by air-drying protein-sucrose mix- 
tures in thin films on the plates: selected and combined 
according to the particular test chemistry to be per- 
formed in the device. The range of chemical or binding 
reactions that can form part of the tests to be carried out 

35 Spans the range of known binding-reaction tests, and 
includes enzyme-linked, fluorescence, luminescence, 
binding and quenching reactions of any kind based on 
solid-phase immunoadsorbent or other specific binding 
adsorbent. 

40 Further details of procedures and material to immo- 
bilise reagent(s) on the desired plate of the capillary ceil 
device of Figures 1-2 are now given. The immobilisation 
is conveniently carried out on a large sheet to form the 
said plate of a multiplicity of the deuces. 

45 A sheet of (e.g. soda) glass for example about 1 mm 
thick, and large enough to contain a 2<limensional an-ay 
of cell areas, with a plurality of several cell units in each 
direction, is cleaned by any suitable method, eg. by 
detergent and ultrasonic treatment and if need be by 

50 solvent vapour degreasing in known manner, or by suc- 
cessive hot (80°C) treatments with ammonia hydrogen 
peroxide and hydrochloric add/hydrogen peroxide, 
water-rinsing and airdrying, e.g. at IIS'^C for 30 min- 
utes. A pattern of patches of a desired protein or other 

55 coating is then applied by the following or equivalent 
technique. Covalent coupling of antigen or antibody or 
other protein is achieved by first reacting the glass with 
a silane-based coupling compound in known manner. A 
suitable such reagent is for example, as used here, a 
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terminal amino-alkyi trimethoxysilane, e.g. the 3-amino- 
propyl compound, used at a concentration of suitably 
about 2% vA/ in acetone. In alternative methods, 
another reagent substantially as described in US Patent 
3 652 761 can be used instead. After reaction with the s 
amino-silane reagent, the amino terminals immobilised 
on to the glass are in turn reacted with (e.g. 2% pH 7) 
glutaraldehyde. excess reagents are removed and the 
activated glass with immobilised aldehyde groups is 
reacted with the protein in solution (e.g. 1 mg/ml anti- w 
body immunoglobulin), according to component tech- 
niques well known in themselves. Other proteins can be 
applied at choice in concentrations of the order of 0.1 -1 
mg/ml. Treatment at about pH 9.5 for 2 hours at 37'>C 
has been found suitable here. A suitable final active pro- is 
tein loading rate on the glass surface can be for exam- 
ple about 0.5 microgranfVcm^. This is thought to 
constitute a continuous or near-continuous layer. The 
dosage or density or specific activity of the immobilised 
layer is determined by the sensitivrty requirements of 20 
the particular assay chemistry, which in itself forms no 
part of this invention. Excess reagents can be removed 
by for example washing in strong buffer (0.1M acetate, 
0.5M NaCI, pH4-5). then neutral buffer washing. (pH 7- 
7.4), followed by pH 9-10 washing and neutralisation, 25 
e.g. with neutral tris buffer. 

An alternative and sometimes preferred method for 
coupling protein to glass employs an epoxy-silane rea- 
gent, especially the glycidyloxypropyltrimethoxysilane 
(e.g. 2% v/v In toluene, 70°C for 2V^ hours), according to 30 
DP Herman et al.. J.Chromatogr.Sci.. (1981). 13 (9) 
470-6. With this reagent the use of aldehyde reagents 
can be omitted, as the epoxysilylated glass can react 
directly with protein. 

It is usually desirable to apply a stabilising coating 35 
to such layer-coated surfaces such as a coating of a 
solid humectant such as suaose. A suitable example of 
such a coating is an 8^m-thick solid sucrose coating 
applied for example by spin-coating the plate with 
sucrose solution and drying in air. 40 

Releasable coatings of ancillary reagent can be 
applied with per se known composition, ag. carried in 
admixture with a solid humectant, such as sucrose 
glaze. We find that it can be desirable to include deter- 
gent or inert protein in such coatings (or a soluble salt or 45 
buffer material) especially where the active material to 
be released is itself a protein, and it can be especially 
desirable to avoid large excess of the reagents in such 
releasable coatings in relation to the test reactions in 
which they are to take part. 50 

Uniformity of the coating processes can be impor- 
tant, and if appropriate can be checked by test proce- 
dures in which radiolabelled and/or fluorescent protein 
is coated, and then optionally reacted with a further and 
preferably differently-labelled binding agent. Uniformity ss 
of the coating and of its tending capacity can then be 
checked by surface fluorescent measurement and/or 
surface radioactivity measurement, eg. using a labora- 
tory gamma-ray scanner. 



If it is afterwards desired to etch the coating on the 
glass, the coated glass is then placed in a confined 
atmosphere substantially free of moisture or air 
draughts, e.g. it can be brought close to another fiat 
inert surface to reduce the air gap on the coated side to 
about 1 mm or less. The glass is then illuminated with an 
ultraviolet patterned image (using preferably light of as 
narrow as practicable a waveband around 280nm) in a 
pattern corresponding to areas from which the coating 
is to be etched away, e.g. a grid pattern, to leave a pat- 
tern of sun/iving protein patches. Illumination can for 
example be carried out using a GE 7-watt mercury lamp 
spaced a few centimetres from the plate, for a pen'od of 
about 5-20 minutes. The illumination pattern can be pro- 
duced by masking close to the plate, or by a real imag- 
ing system. The ultraviolet etching used here relies on 
the same principle as the u.v. etching process described 
by J.A. Panitz.and LGiaver, in Surface Science, 9Z 
(1980) pp 25-42. 

Then a u.v.-curable epoxy adhesive is printed on to 
the coated, eg. patch-coated, glass plate in a desired 
pattern for forming a connexion with an upper spaced 
plate. The epoxy adhesive is applied by a silk-screen 
technique which is conventional in itself, and in itself 
forms no part of this invention. 

The epoxy resin can have a small content of short- 
length glass fibre, about 20^m in diameter and about 
100-200^m long, (made for example by grinding long 
glass fibre in a mortar and sieving to remove residual 
long fibres). A preferred alternative to the glass-fibre 
pieces is a content of ballotini in the epoxy resin, used 
as follows. In order to produce a gap of for example 
100^m, conespondingly-sized ballotini are incorporated 
in the epoxy: a layer of epoxy a little thicker than the 
desired spacing between the plates, e.g. 10% thicker. 
e.g. about HOtim for a desired spacing of lOO^m, can 
be laid down by screen-printing, and the addition plate 
pressed gently into position to spread the epoxy slightly. 

If desired, a mirror-image of the first pattern of 
epoxy adhesive can be applied as a pattern to a second 
similar sheet of glass, either coated patchwise with the 
same or a different protein or other coating material, or 
othenwise unooated, and the two sheets then brought 
together, subjected to vacuum or deoxygenatton if 
needed for curing, and cured by ultraviolet illumination. 
The ultraviolet is applied as an image with a pattern that 
avoids the patches of coated protein or other material 
which are to be retained in active form. 

After adhesive curing, the two glass plates can be 
scribed and broken down into indivkiual cell units in any 
convenient known manner as used in stages in the 
manufacture of liquid crystal devices, and in particular 
by the methods referred to in Specifications Nos. CH- 
627 559, and 629 002, concerning fabrication of liquid 
crystal display devices. 

A convenient form of cell obtainable by this process 
comprises two substantially parallel opposed layers of 
glass, air-spaced by about 5-500(im, which, together 
with an incomplete frame of bonding material bcated 
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between them, (having at least one opening for the 
inward passage of liquid and possibly also the outward 
passage of air), form a capillary ceil able to take up a 
defined volume of aqueous liquid. Preferably one of the 
glass layers extends out beyond the opening of the cell 5 
to enable a drop of liquid to be placed on its surface and 
pass either wholly or partly into the cell. 

Rgure 3 shows In schematic perspective a further 
example of a specifically-reactive capillary cell device 
according to an embodiment of the Invention. The 
device shown is a disposable single-use test device for 
carrying out microchemical testing on very small liquid 
samples. Figure 4 (not to scale) shows a con-esponding 
plan view and Figure 5 a schematic section along lines 
6-6' in Figure 4. The device of Figures 3-5 comprises an 
upper glass plate 1 and a tower glass plate 2 related as 
plates 1 and 2 of Figure 1 . A reactive layer as 7 in Figure 

1 is present on the surface of plate 2 but not shown in 
the drawings in Figures 3-5. An auxiliary reagent (not 
shown) is provided as a dry releasable coating on the 
opposite wait of the cell. i.e. the surface of plate 1, so 
that the reagent dissolves in the sample liquid drawn 
into the celt. The device of Rgures 3-5 can be handled 
by the user by a handlepiece 42 of a supporting and 
handling frame indicated generally 41 and made of any 
convenient plastics moulded material. Arms 43 serve to 
support the cell assembly and locate it in relation to the 
operative parts of an optical instrument for optical anal- 
ysis of the contents of the sample cell. End 44 of plate 2 
is optically clear, flat and perpendicular to the plane of 
plate 2. to allow exit of light arising from the contents of 
the capillary cell between plates 1 and 2. The other 
edges of plates 1 and 2 are in this embodiment usefully 
painted blacK and epoxy bonding tracks 3, correspond- 
ing to tracks 3 in Figure 1, besides their content of 
100^m ballotini to space plates 1 and 2 apart, also con- 
tain cart)on black granules to help minimise stray light. A 
filter paper rectangle 45 is located on a part 46 of plate 

2 that extends beyond the length of plate 1 to form a 
sample-receiving inlet: the adjacent open end 47 of the 
capillary gap between plates 1 and 2 is an inlet for the 
capillary cell delimited by plates 1 and 2 and bonding 
tracks 3. and filter 45, of a grade sufficiently fine to 
exclude the passage of red blood cells. Is in contact with 
open inlet end 47 and preferably slightly underlaps plate 
2 at end 47. Fitter 45 is retained in place if desired by 
adhesive along parallel lines continuing tracks 3, and 
can if desired be impregnated with a releasable/auxll- 
iary reagent such as for example a pH buffer salt. Por- 
tion 47 of plate 2 extending beyond plate 1 to the optical 
end 44 of plate 2 can If desired be given a hydrophobic 
coating. 

In use, a sample of liquid to be tested, e.g. a drop of 
whole blood, can be applied to the inlet zone formed by 
filter 45. and from such a drop a quantity of relatively 
cell-free liquid is drawn into the capillary cell. Here take 
place the binding reactions appropriate to the nature of 
the required test and of the corresponding reagents (not 
shown) previously carried in prepared dry form on one 



or both of the opposite internal cell walls formed by 
plates 1 and 2, and the loaded cell can then for example 
be put into a photometric instrument, e.g. that described 
in EP-A-1 70376 for optical measurement as described 
therein. 

Rgures 6 and 7 illustrate a modification of the 
device of Figures 3-5 The device has two snap-on han- 
dle-and-support pieces, one shown at 41. correspond- 
ing to 41 in Rgures 46 except that it is detachable, and 
another handle and support piece 71 comprising handle 
72, which is a removable snap-on fit over lateral ribs 73 
at the optical end of the device, which comprises similar 
optical end-faces 44 and 74 of both the spaced-apart 
plates 1 and 2. Handle 42 is a firmer snap-on fit than 
handle 72. 

The device of Figures 6 and 7 is supplied with han- 
dle 72 fitted and handle 42 separated. In this condition 
a cellulose nitrate or acetate microfine filter or dialysis 
membrane 75 carrying an ancillary reagent (not shown) 
is exposed at the inlet end of a capillary cell defined as 
before between plates 1 and 2 and binding tracks 3, but 
defined here also by a further transverse blackened 
epoxy bonding track 3a that limits the forward spread of 
liquid towards ends 44 and 74 of plates 1 and 2, and 
results in the fonvard parts of plates 1 and 2 being able 
to constitute waveguide portions bounded by air on 
each side. Two lateral gaps are left between tracks 3 
and 3a and two corresponding apertures 76 in frame 73 
allow for exit of air when the capillary cell fills with sam- 
ple Tquid. Thus, in use, the device can be heM by han- 
dle 72 and dipped into a source of sample liquid to allow 
a sample to fill the capillary cell through filter 75. In this 
embodiment each of plates 1 and 2 carries an immobi- 
lised reactive layer 7 and 77 such as an appropriate 
antibody layer fabricated as described above. If desired, 
the extent of reactive layers 7 and 77 can be limited to 
the area shown hatched in Figure 6 on each of plates 1 
and 2 between filter 75 and line 78. With such an 
arrangement, the gently Infbwing sample liquid causes 
release of the ancillary reagent and then passes over 
the reactive layers which are each able to abstract their 
respective ligand. 

When the sample has been loaded, separate han- 
dle 42 can be snapped-on into place and the more 
weaWy-attached handle 72 can be removed, thereby 
exposing the optical ends 44 and 74 of plates 1 and 2 for 
measurement as before, with the modification that two 
different optical properties may be measured at once by 
virtue of the separate optical waveguides 1 and 2 and 
different reactive layers 7 and 77 of the device. A corre- 
sponding optical measuring instrument therefore 
locates a diaphragm in a position shown by dotted line 
79 to separate the respective lights emerging from 
plates 1 and 2. 

Many of the devices according to the above 
description can be applied to carry test samples which 
are to be measured optically by the photometric 
arrangements and methods desaibed in EP-A-1 70376. 
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Claims 

1. A specifically-reactive sample-collecting and test- 
ing device for use in assaying an analyte by means 

of a sandwich assay, said device possessing a cav- s 
ity or cavities each having a dimension small 
enough to enable sample liquid to be drawn into the 
cavity by capillary action, wherein one surface of 
the or each cavity carries an immobilised reagent 
having specific affinity for said analyte and the 10 
same or another surface of the or each cavity car- 
ries, in dry releasable form, a further reagent hav- 
ing specific affinity for said analyte. the surface 
which carries the immobilised reagent being a sur- 
face of a transparent solid plate which in use acts is 
as a light-transmissive waveguide and which forms 
a wail of the or each cavity, said plate having an 
edge which is substantially optically smooth and 
transverse to the plane of the plate, the immobilised 
reagent and the further reagent being such that the so 
result of any specific interaction with the analyte Is 
optically measurable. 

2. A device according claim 1 . wherein the further rea- 
gent is fluorescent. 25 

3. A device according to claim 1 or claim 2. wherein 
remaining edges of the waveguide are coated with 
light-absorbing material. 

30 

4. A device according to any of claims 1 to 3, wherein 
interposed between the surfece of the waveguide 

and the immobilised reagent is a thin layer of mate- 
rial to enhance transfer of light across the boundary 
of the waveguide by the evanescent wave located 35 
close to the boundary. 

5. A device according to claim 4, wherein the said thin 
layer of material comprises magnesium fluoride or 
silica. 40 

6. A device according to any of claims 1 to 3, wherein 
interposed between the surface of the waveguide 
and the immobilised reagent is a thin coating of 
conductive material capable of showing a surface 4S 
plasmon resonance effect. 

7. A device according to claim 6, wherein the thin 
coating of conductive material is a coating of silver 
uptoaboutSOnmtiiick. so 

8. A device according to any of claims 1 to 7, wherein 
the immobilised reagent is selected from an anti- 
gen, an antibody or a derivative tiiereol 

55 

9. A device according to daim 8, wherein the antigen 
or antibody or derivative thereof is covalentiy bound 
to the surface of the transparent sheet material act- 
ing as a light transmissive waveguide. 
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10. A device according to any of claims 1 to 9, wherein 
tiie transparent solid plate comprises glass or plas- 
tics material. 

11. A device according to any of claims 1 to 10. com- 
prising a bonded structure of transparent plates 
cemented in spaced relationship to leave a tiiin pla- 
nar cavity of capillary dimensions between them. 

12. A device according to claim 1 1 wherein one of said 
plates extends longitudinally beyond tiie other so as 
to provide a platform from which sample liquid may 
be taken up into the capillary cavity. 

13. A device according to any of claims 1 to 12 further 
conprising a handling-piece or holder. 

14. A device according to any of claims 1 to 13 further 
conrprising a selective banier such as a filter or 
dialysis membrane, or a means for sample concen- 
tration, located in, or in the inlet path to, the capil- 
lary cavity 

15. A modification of a device as claimed in claim 14 
wherein instead of being candied in releasable form 
on a surface of tfie or each cavity, the said further 
reagent is releasably retained in contact with tiie 
selective barrier. 

1 6. A device as claimed in any one of claims 1 to 1 4 fur- 
tiier comprising an electrode structure for making 
electrical measurements, in use, on tiie contents of 
tiie capillary cavity. 

Patentanspruche 

1. Besonders reaktive Probensammel- und Proben- 
untersuchungsvorrichtung zur Venvendung bei der 
Untersuchung eines Analyten mittels eines Sand- 
wich-Assays, wobei die Vorrichtung einen Hohl- 
raum oder Hohlr^ume je mit einer Abmessung 
aufweist, die klein genug ist, da3 ProbenflQssigtolt 
in den Hohlraumdurch Kapillarwirkung eingezogen 
werden kann, wobei eine Fldche des oder jedes 
Hohlraums ein immobilisiertes Reagens mit einer 
spezifischen Affinitat zu dem Analyten trdgt und 
dieselbe oder eine weitere Fl^che des Hohlraums 
Oder jedes Hohlraums in einer trocknen, freisetzba- 
ren Form ein weiteres Reagens mit einer spezifi- 
schen Affinitat zu dem Analyten trdgt, die Fldche, 
die das immobilisierte Reagens trdgt, eine Rflche 
einer transparenten. fasten Platte ist, die bei Benut- 
zung als ein lichtObertragender Wellenleiter wirkt 
und eine Wand des oder jedes Hohlraums bildet. 
wobei die Platte einen Rand aufweist. der im 
wesentiichen optisch glatt ist und quer zur Ebene 
der Platte veriauft, wobei das immobilisierte Rea- 
gens und das weitere Reagens solche sind, da3 
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das Ergebnis jeder spezifischen Wechseiwirkung 
mit dem Analyten optisch meObar ist. 

2. Vorrichtung nach Anspruch 1. wobei das weitere 
Reagens f luoreszierend ist. s 

3. Vorrichtung nach Anspruch 1 Oder Anspruch 2, 
wobei die ubrigen RSnder des Wellenletters mit 
iichtabsorbierendem Material beschichtet sind. 

10 

4. Vorrichtung nach irgendeinem der Anspruche 1 bis 
3, wobei zwischen der FIdche des Wellenletters 
und dem immobilisierten Reagens eine dOnne 
Materialschicht angeordnet ist. urn die Qbertragung 
von Licht uber die Grenze des Weiien- bzw. Hohllei- is 
ters mittels der evaneszenten Welle zu verbessern, 

die nahe bei der Grenze angeordnet ist. 

5. Vorrichtung nach Anspruch 4, wobei die dOnne 
Materialschicht Magnesiumf luorid oder Siliziunwxid 20 
umfa0t. 

6. Vorrichtung nach irgendeinem der Anspruche 1 bis 
3, wobei zwischen der FIdche des Hohlleiters und 
dem immobilisierten Reagens eine dOnne 2S 
Beschichtung aus einem lertfdhigen Material ange- 
ordnet ist, das einen Oberfiachen-Plasmonreso- 
nanzeffekt zeigen kann. 

7. Vorrichtung nach Anspruch 6, wobei die dunne so 
Beschichtung aus leitfdhigem Material eine 
Beschichtung aus Silber mit einer Dicke bis zu etwa 

50 nm ist. 

8. Vorrichtung nach irgendeinem der AnsprQche 1 bis 3S 
7, wobei das immobilisierte Reagens aus einem 
Antigen, einem AntikOrper oder einem Derivat hier- 
von ausgewdhit ist. 

9. Vorrichtung nach Anspruch 8, wobei das Antigen 40 
Oder der Antikdrper oder das Derivativ hien^on 
kovalent an die FIdche des transparenten Folien- 
materials gebunden ist. das als lichtQbertragender 
Hohlleiterwirkt. 

45 

10. Vorrichtung nach irgendeinem der AnsprQche 1 bis 

9, wobei die transparente teste Platte Glas oder 
Kunststoffmaterial unrfaBt. 

11. Vorrichtung nach irgendeinem der Anspruche 1 bis so 

10, die eine verbundene Struktur transparenter 
Flatten umfa3t, die in beabstandeter Beziehung 
miteinander verklebt sind, um zwischeneinander 
einen dOnnen. planaren Hohlraum kapillarer 
Abmessungen f reizulassen. ss 

12. Vorrichtung nach Anspruch 1 1 , wobei sich eine der 
Flatten in Ldngsrichtung iiber die andere hinaus 
erstreckt, um so eine Flattfbrm zu bikien, von der 
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die ProbenflQssigkeit in den kapillaren Hohlraum 
hinein aufgenommen werden kann. 

13. Vorrichtung nach irgendeinem der AnsprQche 1 bis 

12, weiter mit einem Handhabungszwecken die- 
nenden Teil oder Halter. 

14. Vorrichtung nach irgendeinem der Anspruche 1 bis 

13, weiter mit einer selektrven Sperrschicht wie 
einem Fitter oder einer Dialysemembran oder 
einem Mittel zur Probenkonzentration angeordnet 
in dem Kapillarhohiraum oder dem EInlaBweg zu 
diesem. 

15. Modifikation einer Von'ichtung nach Anspruch 14. 
wobei das weitere Reagens , statt in freisetzbarer 
Form an einer Fiache des oder jedes Hohlraums 
getragen zu sein, In BerOhrung mit der selektlven 
Sperrschicht freisetzbar festgehalten Ist. 

16. Vorrichtung nach irgendeinem der Anspitlche 1 bis 

14, weiter mit einer Eiektrodenstruktur zur Durch- 
fuhrung elektrischer Messungen am tnhalt des 
kapillaren Hohlraums bei Benutzung. 

Revendlcations 

1. Dispositif pour recueillir et analyser un ^antillon 
pouvant r^gir de fa^on sp^cifique utilisable dans 
Tessai d*un analyte au mpyen d*un essal sandwich, 
ce dispositif poss6dant une ou des cavit^s ayant 
chacune une dimension assez faible pour permet- 
tre rintroduction d'un liquide de I'^chantillon dans la 
cavit6 par action capillaire, dans lequel une surface 
de la ou de cheque cavity porte un rdactif immobi- 
lise ayant une affinity specif ique pour cet analyte et 
la mdme surface ou une autre surfece de la ou de 
cheque cavity porte sous une forme detachable 
s^che, un autre r6actif ayant une affinity specif k^ue 
pour cet analyte, la surface qui porte le r6actif 
immobilise etant une surface d'une plaque soiide 
transparente qui, lors de Tutilisation joue le rdle de 
guide d'ondes transmettant la lumiere et qui forme 
une parol de la ou de cheque cavite, cette plaque 
ayant un tx)rd qui est pratiquement lisse du point de 
vue optique et transversal par rapport au plan de la 
plaque, le reactif immobilise et I'autre reactif etant 
tels que le resultat d'une quelconque interaction 
spedfique avec I'analyte est mesurable de lagon 
optkiue. 

2. Dispositif suivant la revendicatlon 1. dans lequel 
I'autre reactif est fluorescent. 

3. Dispositif suivant les revendications 1 ou 2, dans 
lequel les bords restants du guide d'ondes sont 
recouverts d'un materiau absorbant la lumiere. 
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4. Dispositif suivant Tune quelcorrque des revendica- 
tions 1 k 3, dans lequel, interpos6e entre la surftice 
du guide d*ondes et le r^actif immobilise, se trouve 
une couche mince d'un mat6riau pour augmenter le 
transfert de lumi^re k travers la frontidre du guide s 
d'ondes par I'onde 6mnescente situ6e prds de la 
fronti^re. 

5. Dispositif suivant la revendication 4. dans lequet 
cette couche mince de mat^riau comprend du f luo- io 
rure de magn^ium ou de la silice. 

6. Dispositif suivant Tune quelconque des revendica- 
tions 1 k 3, dans lequel, interpose entre la surface 

du guide d'ondes et le r6actrf immobilise, se trouve is 
un revdtement mince de mat^riau conducteur 
capable de presenter un effet de resonance de 
plasmon de surface. 

7. Dispositif suivant la revendication 6, dans lequel le 20 
rev§tement mince de mat^riau conducteur est un 
rev§tement d'argent ayant une epaisseur allant 
jusqu*^ environ 50 nm. 

8. Dispositif suivant Tune quelconque des revendica- 25 
tions 1 k 7, dans lequel le r^actif immobilise est 
choisi parmi un antigene, un anticorps ou un derive 

de ceux-ci. 

9. Dispositif suivant la revendication 8, dans lequel 30 
Tantigene ou I'anticorps ou un derive de ceux-ci est 

lie par covalence k la surface du materiau en feuilie 
transparent jouant le rdle d'un guide d'ondes trans- 
mettant la lumiere. 

35 

10. Dispositif suivant Tune quelconque des revendica- 
tions 1 k 9. dans lequel la plaque solide transpa- 
rente comprend du venre ou une matiere plastique. 

11. Dispositif suivant I'une quelconque des revendica- 40 
tions 1^10, comprenant une structure liee de pla- 
ques transparentes coliees k une certaine distance 
I'une de I'autre pour laisser une mince cavite plane 

de dimensions capillaires entre elles. 

45 

12. Dispositif suivant la revendication 11, dans lequel 
I'une de ces plaques se prolonge longitudinalement 
au-del^ de Tautre de fagon k fournir une platefbrme 
k partir de laquelle le liquide de rechantillon peut 
etre introduit dans la cavite capillaire. so 

13. Dispositif suivant I'une quelconque des revendica- 
tions 1^12. comprenant de plus un element pour la 
manipulation ou un support. 

55 

14. Dispositif suivant I'une quelconque des revendica- 
tions 1 ^ 13. comprenant de plus une baniere 
selective comme un f iltre ou une membrane de dia- 
lyse. ou un moyen pour la concentration de rechan- 



tillon, situee dans la cavite capillaire ou dans le 
chemin penetrant dans celle-d. 

15. Modification d'un dispositif suivant la revendication 
14, dans lequel au lieu d'etre porte sous forme 
detachable sur une surface de la ou de chaque 
cavite. cet autre reactif est retenu de fegon k etre 
detache au contact de la barriere selective. 

16. Dispositif suivant Tune quelconque des revendica- 
tions 1 ^ 14. comprenant de plus une structure 
d'eiectrode pour la realisation de mesures eiectri- 
ques. lors de Tutilisation. sur le contenu de la cavite 
capillaire. 
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